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On February 16, 1990 President Bush approved policy for the Space Exploration Initiative:

• Initiative will include both Lunar and Mars program elements,
as well as robotic science missions

• Near-term focus will be on technology development

- Search for new/innovativeapproaches and technology

Investment in high leverage innovative technologies with potential to
make a major impact on cost, schedule, and/or performance

In parallel with mission, concept, and system analysis studies

• Selection of a baseline program architecture will occur after
several years of defining two or more reference architectures
while developing and demonstrating broad technologies

• NASA will be the principal implementing agency while DOD
and DOE also will have major roles, in technology
development and concept definition. The National Space
Council will coordinate the development of an implementation
strategy by the three agencies

I Office of Aeronautics, Exploration and Technology ml
Vw.t_tl41O

01

On November 2, 1989, the President approved a national space
policy that updates and reaffirms U.S. goals and activities in space.

• Strengthen the security of the United States

• Obtain scientific, technological, and economic benefits

• Encourage private sector investment

• Promote international cooperative activities

• Maintain freedom of space f()r all activities

• Expand human presence and activity beyond Earth orbit
into the solar system

Office of Aeronautics, Exploration end Technology
_Tq) DI _ Vet,I/ll-t1-m
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In response to the President's speech, the NASA Administrator
created a task force, headed by Aaron Cohen, director of the
Johnson Space Center, to conduct a study of the main elements
of an Exploration Initiative

The study provides reference material in support of the Vice
President and the National Space Council, and enables NASA to
better understand technical parameters

The study examined
• technical scenarios • international considerations

• science opportunities • institutionalstrengths and needs

• required technologies • resource estimates

NASA's study consists of analysis, not recommendations.
It summarizes extensive trade studies, reflecting several years
of study. It is not a definitive program plan

Office of AeronauUce, Exploration and Technology i
_t, l/Z-t4-1)0

I
IIW_S_F.M_ 1Q U4 4QWO

Build upon past and present investments in space
• Apollo. Viking, etc.
• Space Shuttle
• Space Station Freedom

Employ robotic craft along with manned systems

Emphasize science

Build a lunar outpost first
• Research base for science and technology
• Test-bed for humans to Mars

Explore Moon and Mars in phases

I Emplacement >

I Ooeration >

Office of Aeronautk_, Exploration lind Technology •
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Space Shuttle
Mass ,, 92 metrictons

(PWIced - 22 rnetdctons)

Ilmm_E_ TmaH

Lunar Transportation System
Mass - 200 metdc tons

$8m

]

m
rlllri-

Mars Transportation System
Mass - 800 metric tons

Office of Aeronautics, Exploration 8nd Technology m
Vnr_ln,1f40

k-=
01
01

• i
• Major investments in challenging technologies are required

• Scientific opportunities are considerable

• Robotic spacecraft will be needed

• Current launch capabilities are inadequate

• Space Station Freedom is essential

• Program alternatives do exist

• Opportunities for intemational cooperation exist

• A long-range commitment and significant resources
will be required

Office of Ao4"onautlcs,Exploration and Technology m
Illid_mPTlp18-14IN0 Vw.V1_740
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• Exploration technology

• Life sciences research

• Heavy-lift launch and orbital transfer vehicles

• Robotic missions

• Space Station Freedom

_l Office of Aeronautics, Exploration end Technology -.'
Vat4_11H10

0"1
"M

Space Transportation
• Aerobraking;Space BasedEngines;andAutonomousVehicleManeuvering

In-Space Operations
• CryogenicFluidSystems;In-SpaceAssemblyandConstruction;and Vehicle

Servicingand Processing

Surface Operations
• Space Nuclear Power;In Situ ResourceUtilization;PlanetaryRovers;

SurfaceSolarPower;andSurfaceHabitatsand Construction

Human Support
• RegenerativeLife Support;RadiationProtection;ExtravehicularActivity

Systems;andExplorationHumanFactors

Lunar and Mars Science
• SampleAcquisition,AnalysisandPreservation;andPlanetaryProbes

and Panatrators

Information Systems and Automation
• High-RateCommunications;ExplorationAutomationand Robotics;and

PlanetaryPhotonics

Nuclear Propulsion
• Nuclear ThermalPropulaion;and Nuclear Electric Propulsion

Office of Aeronautics, Exploration and Technology -.,
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i RADIATION PROTECT I
i .... _: iii i i I I

Earth's magnetic field protects us from radiation emitted by solar
flares, and shields us from galactic cosmic rays

Radiation beyond Earth orbit is cause for concern

Radiation strategy for the Exploration Initiative includes
• determination of career dose limits and crew selection cdteda

• development of countermeasures

• development of shielding strategy for both vehicles and habitats

• development of early waming systems and "storm shelters" for protection
trom solar flare radiation

NASA will develop guidelines with the National Council on
Radiation Protection and Measurements

• NASA wi!l adhere to the radiation principle of as low as reasonably
achievable (ALARA)

I Office of Aeronautics, Exploration and Technology i
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Microgravity exposure causes major physiological change
• Bone mineral loss

• Muscleatrophy
• Cardiac deconditioning

Current countermeasures (exercise) may be insufficient for the
lengthy voyage to Mars

Strategy to test and evaluate necessary zero-g countermeasures
will utilize

• Soviet long duration experience

• Space Shuttle extended duration orbiter

• Space Sta_ Freedom and eventually
• The lunar outpost itself

Current approach: plan a zero-g Mars transfer vehicle, but begin
low level definition of an artificial gravity system just in case

I Humans must be certified for journey to Mars i
I

Office of AMonauUcs, ExploraUon and Tochnoiogy m
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Excellent science to be done on both Moon and Mars

• Robotic science

• Human interactive science

Fundamental scientific themes

• Origin and history of Earth and Moon

• The origin of life/life on Mars
• Global climate change
• Search for other solar systems
• Fate of the Universe

Research opportunities cover many disciplines

• Solar Physics • Astrophysics

• Geology • Chemistry
• Biology • Space Physics

Ob
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Officeof Aeronautics,ExplorationandTechnology i
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Lunar origin/evolution
• Impact origin theory _ common origin with Earth
• Larger role for planetary scale collisions?

History of the Sun (preserved in lunar soil)
• Solar wind trapped in rogolith
• Buded regolith provides time resolution

Extinctions caused by impacts
• Evidence in lunar cratedng record?

Unparalleled resolution, sensitivity for astronomy/astrophysics
• Large apertures
• Interferometric arrays
• Cosmic Ray Observatory

Life science
• Basic research: radiation environment, low gravity effects ...
• Supporting Mars exploration

Office of AerommUce,ExllloraUonlindTe_mology
IlmUS_PTq_ M, II _MIO Vl M440
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NASA

National Space Council

NASA Advisory Council
Exploration Task Force
Space Systems
and Technology AdvisoryCommittee

National Research Council
Space Studies Board
Committee on Human Exploration
Aeronautics and Space Engineering Board

Exploration Science Working Group

Aerospace Industries Association

Officeof AeronauUcs,ExplorationandTechnology
YwJ_S410
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The Space Exploration Initiative is a national endeavor,
not a NASA project

Agencies in addition to NASA, most likely the
Department of Energy (DOE) and the Department of
Defense (DOD) have expertise needed for the Initiative

Recent Presidential decision mandates DOE and DOD
role in technology development and concept definition

NASA welcomes participation by other agencies in the
Space Exploration Initiative

T--

Office of Aeronautlce, Exploration lind Technology •

14kl,l,.aO



o_
ob

._ ._ ._ ._ .-4 .o', .,-,, _ _ ,,_ -

i
m

"11

.=

$



r--
co
s-1





z_+_,0

t-,

o_

0
0



E_-=" _ _ _ _ •

_ ._ '0 _.-
_- 6- • . =r

-"" i N ---.
,', _.I _.-_'_

r_ CT' l= ,. I_

-.j
o

o

_ _-_e-"_',-T_'_

W

0

E



m
,£
,,C
0

,J_

_e
m ,1
,,J t,t,,i

. m • -

, _ i _--L_ _-- ;,,t"iH i

|

Q

0
&

v_

U

U

t_
,,J

0
_P

. I m ill

ql_l llll I

13

,, J

l

l'.-



=

0"_"

_ _ =_-_.

_'<_ _. 0

•_ _ _ _ :3 _ '_ ].._. _ _-._ _r'_ o 0 = _" _'_ _c _

_,, ,_-_ :_ _._,._
_.=_.._ - _ _ _o_." , ,,

C-.

• _'_ >

=_ z o

E,_u- 0

_ <

"-4

_.,0"_ _ ' "_ '-'_ -- ,*_ --

_._-'=- _=_ _-. =
_o_= __'_..... o_ - - ----".... "_"

_.< r_ c

¢_ _ .-% _: n._Oe_ 0 m 5._

P _ _" _' o_



O3
t',-



...j

.p,



oo

ts_
t-..-



0



t-.
D-.



L_



O_
D--
,rt



o_o_ _ --o>- _ o_

>

0

o_ =

M _

N

_ _ bJ bJ
0 0 0

z_

,<

I

o__=_

'-I

=.

,.g
,-i
0

"-I

"I

e_

_e

0



v3

O0

0



°°i i0 _"

0

.=





'matuuoJ!Aua aql a_lueq_ ii]_ s_!]
-!^!_e uetunq ;aoq I,_!p_zd ol 01qe _Cl iou iI!_ _a

'ffu!pugi_apun letll ,_Aeq _A_ [[Itl['l '_UO[I._g.I,_IU.I

_aql _#JJe a_ _oq pue---_tu!l le_!8OlO_[ jo e!u

-U_ll!tU aql ol stu_3sAs_aqle_ JO S_le_S atu!l uoqs

,_xoq puelsaapun a_ leql le!luas'so s! ]!

'_xa],_ _aau _q) olu! A[lua]s[suo_ ]tj ii_ Al!^!loe a_enb
-que_ pue 'tus!u_lo^ '_u!pl!nq-m._unom jo sxu_l

qed "s_!uo_,3m reel d jo tumtueuA p aql Xq pa_eld_z

u_aq s_q o_ClOl8_!lms 'ppeld e jo uo!lou _!pea

atH. "patmojsuva_ Alle_!_etum p ua,_cIseq que3 p!
-lOS aql JO _o!^ Jno '_zeoA O_ Ised _ll JaAO

•p_JaA_su_un u!ew_l s_lo_ ttml_ quell

#q:l :_oq lnoqe suo!_nb |elU_LUepunJ _tll :11_]

'aJ! l o] ]ueuodun. sapA._ ]e_.tl_q3 aqi pue alem!p

I_qOl_ uo auuanuu ! _lu e ffUl_aXa s_ paz!uSo,_

az_ elo_q u!u_aoo pue le.Ulsa_al q]o_ "ale_.|_
pue aaqlea_a s, ql_'_ aql ffu!d_ls ul paldnoo Al_'Ol _

pa_^co-a_, pue '_aqdsotul_ 'sue-_o atU,

'su_sanb lepnz_ q_ns _n_u_ ol _lq_ aq lou II_

a_a 'u_lr, As tlU_'_ _ql pumsa_pun _lalaldmoo _uotu

-IIqmae^ me_,p leameu jo _'I.ou _ u_ 1_o| I_!S
_W si "snonS!qtue aJe suo!)e_:wqo lnq ':a_ld

-s_:_u! o! asuodsa_ u! _u!ttue_x _ plnoqs qu_

•_q:l leql lsa_ns suo!D!p_d lapOi_ "sa_uanbasuo_

aql _om[ lou op a:a |nq 'luatuuadxa leqol8

uo p,_Je, qtua aAeq a_a leql _aoml ;aou aAX

'sa.umua._ ol s_pe:_p Jo spo

-uad attn.l Ja^o a_ueq_ l_n]eu .Io _lln_ aql mozj

-u_tunq Aueua jo si3_j_ aql 'Ja^O_Ol_ "_oj

ol JapJeq sa_u;ml:_suo_ J!aql pue ']uatun3op ol

]Irk_Jaqp_ze aSu_i_ 3,osassa:_o_d oql 'uo!l!sodtuco

le_tuaq_ :_s_dsotme jo uo_le,_lle atp se q_ns

's_'_ ._qlo ut "sno!^qo _ue Al._!l_e uetunq Jo
sa3a_a aql 'sa3JnosaJ lmau!m pue ,{SJaua s,que3

at0 jo uo!_lda p aq] se q_ns '_a_e3 amo_ ul

"pue]sJapun AIinJ )ou op lnq 'a^.m3_ado] _u!uu_

-acI ?tlUOa_ a_ letp sXe_ u_ lu_wuoJ!^ua i_qol 8
mo 8u_. u_ jo _+l!q_d_ _W padOla'_a_ seq

'%ql jo AJ!lenb I_._oudtu!. mj _sanb pue uo_telndod

8'm._ q_ 'puPluemn q 'a_.! jo _._,_cls

q.._q_ o_ _Sueq_ Fquatuuo_.^ua leqol 8 a_npoJd
o] pa_mu! a^eq pueI pue 'suea3o 'aJaqd_otule

_p 'A_o_q :_8OlOa8 moq_Snozq.i. "a_l jo A_!s

-_,%tp luepul_l_ ue jo luatudola^a p _ p_lloddr_

sTq lau_ld p!loS e uo u_]!sodmo_ le_

-!maq_ :lq_,u aq'l ql!_ suea::x_pue aJaqd

-,soun_ ue jo a_u_s_d atll _A_x_ldmco
XJeU_l_Oe.tlx_jo _ueld e uo a^ll a

uta_s,f_ V sv

q_'Y acl,1,

8u!pums.wpul"l

•U_ISAS uoileuuoju I pue mr,(] aql

pue '_uatuaz_ .qa_ 'muatunmul mR_pueo

uo uo.n_mojm, q,,dap-u! ap!^oJd q_q_, alqe

-l!e^e ale s_looqpueH a.gua._ajali SO::i pue SO_t-a_ d
't_euuojut leUO_.!ppe zod '_d q_easaH

aS'um-IDleqOlO 'S'I'I alp 8muoddns jo lxaluoo aql

m. ii_-suots, s_tu q:xre_ _osan:,_d l_lelaa pue

'r-_q°_d tlur2 'SO3 muasaxl m._turoc_ stq.L

'_,_ _oj _a._e
Asea pu_ pldra _]soj o; ma_As uo/_uuoju! ue

-aql-jo-ale)s e _ II!_ SIGSO_ 'suols_.u_ m.m}-JeaU

aq_ tuo_j amo_ ol _ pu_ _t_p 8mjs!xa q_xq
jo s.tsAFue pue q:_e_,._ atll l_oddns o] Ala]_ p

-_uu.q urSac I llVa SlOSO_l jo mamdola,_ 3

"SUO_:II_A.I_dqot/.U_l-J_ le3.n.u_ap_^oJd 11!.'_saqOZd

que"A 'S03 8u!iuzuJaldmco o] uo_]!ppe Ul "p_lnb

-aJ a_ S03 uJoJj sllopo _u.a_.g!p _o/pue stmofJeld
_llm_t_s _ sa_'sa0o._ _ _Jl=,ads 8m._

-ClOuo seooj • apl^cud II_ _;_lOJd q_

-oJpXq pu_ 'qu_a pllos 'suea_o 'amqdsom_e aq_

jo su_a_u!. _I) JO slumu_Jns_,mu sno._J_inm!s

p_leu!p_x_ _nj aq] apl_cud II_ II "suol_J].tu

q_a_ u_-uoqs Xq umlel 8tn_q _ou slua_l_ln

'sallllales lelUatuuoJ!^ua l_UO!le.ta

-do 8'ulnu.tluo_ aql s'e lla:a se '_xuojleld asauede.f
pu_ u_dom3 u_u_tuoa Xq pamatualddns aq

lll,_ SO3 "_66I A:I u! ttuop_Id lszg at0 jo q:,une I

tlit_, 'stmoJleld 8u!l!q_o-_elod jo s_.u_ o_1 jo ls!s

-uco ilV_ mauodmo_ a3eds aq.I. "que3 aql jo abe

-J_co 'l_odu_l mJal-Suo I se [la,_ se 'te!l_Is pue
I_S uo_mlOSa_-tl_!q pu_ I:_uq ql],_ tual_._s

8u!,uasqo p_qol_ 'a^!suaqa_dmoa e jo u_e!]!u.t aq_

'(SIGSO_) tua_s uo.tsrttuojul pue meg e 'uaa_sL_

8m._asqo p_S_Cl-_ls e jo mm.suo3 S03

"s,-xtOJd que3 pue (SO3) tu_lsAS

_uvdz,_cIO tl_Z"d _11 :l_]pnq lm,7,-,-,-,-,-,-,-,-_d16_1 A_-I

i_. s_^.lll_lllO.I p.,_a_:loJd oral sapnpu! 'tue,_cu d
qzar.as_8 a$ueq3 leqOlD 'S'fl _ o_ uonnq.muo_

VSVN Immao aq_ 'quid _au_Id o_ u_ss[l,_

•s'Uo_ aso W jo matUala 'S'.q _W saugap

'Ueld A3uaSvaalul snsuasuoo • 'mv-aSO_dq_ez, s_8
•,_u_q_ Iv.qolo "S'CI au,d. "a_um.p leqof8 pa_npu!

-umunq pue ivam_u qioq Jo _81_l?aOml Jno aoue^

-pe ol s'uoua q:_e_ 8u!zlue_.,o Sl/_.dnun.uo_
._q)ua!_s leUO!lrtualu! aqx "uml_As e se _Jo_

qua3 _I] _oq puaqaJdtuo_ pu_' luatun._op a_ le W
le[lU_$,_ s! l! 'AII^!Deumunq jo _uem,_p 8u!seat_

-u! _I1 pue _Sueq3 i_qol 8 puemmpun oi

_u!a._asqo

q.utrd aql, :gOY

oO

NOIIOnoOHINI



b_
O0
Ln

A Plan

For Action

he demonstrated human role in global

change requires that we develop a com-

prehensive program of Earth studies

that transcends traditional disciplinary

boundaries. Our goal is to obtain a scientific

understanding of the Earth as a system, from

which we hope to develop a capability to predict

future change.

The key to understanding is accurate obser-

vations and modelling of the crucial interacting

processes. Such observations of the state of the

Earth are critical for providing a system for early

warnings of change. To obtain that basic informa-

tion, we need appropriate instruments deployed

both on the Earth's surface and in space. Satellite

remote sensing provides global and long-term

continuous measurements for monitoring the en-

tire planet. Surface-based measurements are re-

quircd both to validate the space-based observa-

tions, to provide more detailed studies, and to ob-

serve those processes no_ accessible from space.

The international scientific community is

developing programs to address global change.

The World Climate Research Programme, spon-

sored by the International Council of Scientific

Unions (ICSU) and the World Meteorological Or-

ganization, focuses on physical aspects of climate

systems: the role of clouds and radiation, ocean

circulation, air-sea interaction, and the effects of

global water and energy budgets on climate.

ICSU has established the International Geosphere-

Biosphere Programme to describe and understand

the interactive chemical and biological processes

that regulate the to_al Earth system.

In response to the scientific challenge and

a national perception that the U.S must take a

leadership role in global change research, a fed-

eral interagency Committee on Earth Sciences was

formed under the President's Science Advisor to

develop a plan for-action. With remarkable agree-

ment and clear consensus, representatives of thir-

teen federal agencies have produced the first U.S.

Strategy for Global Change Research.

The integrating priorities of this program

are to document change in the Earth System using

observational programs and data management sys-

tems, to carry out focused studies on controlling

processes to improve our understanding, and to de-

velop integrated conceptual and predictive models.

For the first half of the 1990s, space-borne

contributions to the Global Change Research Pro-

gram will come from the missions described be-

low. These include the initiation of NASA's Earth

Probes as well as the EOS Data and Information

System (EOSDIS) which will support study of
available satellite data. The launch of the first of

NASA's EOS polar platforms is in FY 1998 and will

mark the beginning of a comprehensive and long-

term measurement system.

THE TRADITIONAL PERSP ECTIVE

Focused

Near- Term

Observations

D arth remote sensing has evolved from

developing and demonstrating technol-

ogy to focusing on specific research

and operational topics. For example,

NASA's Seasat and the series of Nimbus satellites

have demonstrated the utility of active and passive

microwave systems for characterizing the oceans

and atmosphere.

Bui;ding on the Mssons /earned, two re,-

search missions under development are the Upper

Atmosphere Research Satellite (UARS) and

TOPEX/Poseidon, focused on atmospheric chem-

istry and oceanic circulation, respectively. There

are also sensors for sbort4erm deployment from

the Space Shuttle: Shuttle Imaging Radar (SIR),

Shuttle Solar Backscatter Ultraviolet sensor

(SSBUV), and Atmospheric Laborato_ for Appli-

cations and Science (ATLAS). These address the

development and utilization of synthetic aperture

radar, accurate measurements of ozone in the

upper atmosphere for _libradon purposes,

and observations of solar influences on atmos-

pheric chemistry. Finally, accurate tracking of the

two laser geodynamics satellites (LAGEOS-I, -2)

provides gravity and geodetic data.

In addition, the U.S. Department of De-

fense has flown an altimetric satellite, GEOSAT,

and plans another, SALT, for observing oceanic

circulation. Foreign missions include the Euro-

pean Remote Sensing satellite (ERS-1), for ocean

observations; Japanese Earth Resources Satellite

(JElLS-l), for global mapping of resources; Cana-

dian Radarsat, for sea-ice mapping; and Japanese

Advanced Earth Observing Satellite (ADEOS),

which will include two of NASA's proposed Earth

Probe sensors.

Included in NASA's proposed Earth Probes

are sensors destined for flights of opportunity:

Total Ozorte Mapping Sensor (TOMS) to provide

interim ozone observations until the flight of EOS,

Sea-viewing Wide-Field Sensor (Se-aWiFS) to

provide improved observations of oceanic chlo-

rophyll, and Scatterometer (NSCAT) to provide

marine surface winds. The Tropical Rainfall

Measuring Mission (TRMM) will provide the first

spaceborne measurements of low-latitude rainfall.

Throughout the first half of the 1990s, the

research missions discussed below will provide

remotely sensed data for the Global Change Re-

search Program. They will be complemented

by operational missions currently consisting of

geosynchronous and polar-orbiting satellites for

weather forecasting and land measurements. Si-

multaneously, the EOS Data and Information

System will provide a means for accessing data

from these missions and integrating them in glo-

bal change studies---all in preparation for the

comprehensive Earth Observing System of the

second half of the 199Os.
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The Ozone

Hole, Ocean

Productivity

arth Probes are being proposed to ob-

tain near-term observations of specific

Earth processes prior to EOS, as well as

to complement EOS in those cases

where smaller platforms and/or orbits other than

EOS are required. Earth Probes are scheduled to

begin flying in 1991 with a satellite launch every

two to three years.

7OMS. The Total Ozone Mapping Spec-

trometer (TOMS), the first Earth Probe, will meas-

ure atmospheric ozone. The habitability of the

Earth depends on maintaining the ozone layer,

which absorbs harmful ultraviolet light. We now

know that ozone depletion is caused by complex,

coupled chemical reactions. In the eady 1970s, a

warning was sounded that the chlorofluorocar-

bons used in widespread applications could cause

depletion of the ozone layer. The TOMS sensor

on Nimbus-7 has provided a continuous global

record of ozone over the full depth of the atmos-

phere since 1978, but the instrument is now

reaching the end of its useful life. To continue

these measurements, NASA has made arrange-

ments for a TOMS instrument to fly on a Soviet

Meteor-3 Satellite and on the Japanese Advanced

Earth Observation satellite; a low-cost U.S. satellite

to carry a TOMS payload is also being designed.

Thereafter, instruments to monitor ozone will be

carried on future NOAA satellites.

Sea WtFS. One of the next Earth Probes is

the Sea-viewing Wide-Field Sensor (SeaWiFS), an

ocean color scanner. Biological processes in the

ocean are critical to biogeochemical cycles. In the

upper ocean, primary production by phytoplank-

ton is a key parameter in regulating carbon flux in

the sea. Thus, it is essential to understand its

magnitude and variability. However, present un-

certainties in estimates of oceanic primary produc-

tion are larger than the annual rate of atmospheric

carbon dioxide increase.

To address this need, NASA has defined

performance specifications for the SeaWiFS sensor

which will measure ocean color related to phyto-

plankton chlorophyll. SeaWiFS will be able to

measure chlorophyll in the open ocean where

the signal is low, distinguish between phytoplank-

ton pigments and sediment in coastal water, and

make the necessary atmospheric corrections.

These data will provide the first estimates of the

mean and variable rates of primary production in

the world oceans.

Instruments planned for EOS will continue

previous ocean color time series. In addition, with

th0ir higher spectral resolution, they will have

important new capabilities that will accurately re-

solve photosynthetic potential and plankton types,

thus increasing our capability to study the interac-

tions of marine ecosystems and global change.

'_EARTH PROBES: PHYSICAL CLIMATE

Marine Winds,

Tropical Rain

15

N n the tropical Pacific Ocean, the chang-
ing winds, rainfall, and heat from the

ocean are the signals and drivers of El

Nifio, the periodic climate anomaly that

has global implications. Accordingly, NASA is

developing systems to measure marine surface

winds and rain as part of its Earth Probes program.

NSCAT. Winds drive ocean currents and

modulate the fluxes of heat, moisture, gases, and

particulates between the air and the sea. Thus,

knowledge of ocean surface winds is crucial for

understanding the ocean-atmosphere coupling. A

better understanding of the marine boundary layer

and troposphere will also improve numerical

weather predictions.

At present, most wind observations over

the oceans come from ships, and the data are

often inaccurate and geographically sparse. The

NASA Scatterometer (NSCAT), an active radar

system in a sun-synchronous orbit, can measure

both wind speed and direction over at least 90

percent of the ice-free global oceans every two

days. NSCAT is now being developed for space

flight on the Japanese ADEOS satellite with launch

in 1995. This flight schedule will allow an overlap

with the extended mission of TOPEX/Poseidon,

thus providing an estimate of the wind forcing

and ocean current response.

The absence of a co-located microwave

radiometer on ADEOS precludes correction of

NSCAT data for contamination by atmospheric

water or the identification of rain-induced errors,

thus leading to subtle inaccuracies and geographi-

cal biases. EOS instrumentation will remedy these

deficiencies, as well as continue the measurement

series begun by NSCAT.

TR.MM. The Tropical Rainfall Measuring

Mission (TRMM), a joint effort between the U.S.

and Japan, is being proposed to test the feasibility

of using active and passive microwave data,

together with visible and infrared, to derive rain-

fall amount and distribution between 35 degrees

north and south latitude. In addition, some infor-

mation about the vertical distribution of rain in

thunderstorms will be obtained. TRMM seeks at

least a three-year data set of monthly averaged

rainfall. As part of EOS, an additional TRMM

package is proposed for the Space Station in order

to provide a decade of continuous observations.

TRMM data will be used directly in climate

models that are critical to understanding global

change. However, TRMM will not measure pre-

cipitation outside the tropics and subtropics, and

it will have relatively large s_ampling errors over

land. These problems will be partially alleviated

by using the TRMM package on Space Station in

conjunction with complementary sensors on the

EOS polar platforms.
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: "_HE GLOBAL HYDROL()GIC CYCLE

What Governs

Rainfall

Patterns?

he existence of abundant water, an

essential ingredient for life, is a primary

difference between Earth and the other

planets. Through the hydrologic cycle,

water is an essential element of most processes

that determine global climate change. The redis-

tribution of heat that governs the Earth's climate

depends largely on the transport, evaporation,

condensation, and freezing of water, as well as the

role of clouds and water vapor in the Earth's

radiation balance. Water is a primary agent in

shaping the landscape and in transporting sedi-

meres and nutrients. It is an essential part of all

biogeochemical cycles and interacts strongly with

vegetation. In the form of ice and snow cover,

water affects the Earth's radiation balance, polar

oceans, and sea level. Water supply governs the

distribution and level of agriculture, energy pro-

duction, and industry. Drought and floods are

evident examples of the impact of water on socie-

ties. Despite the significance of water, our knowl-

edge of the hydrologic cycle as part of the global,

interacting system is meager.

In tropical and subtropical regions, clouds

and precipitation are a major driving force for the

circulation of the atmosphere. The Tropical

Rainfall Measuring Mission (TRMM) and the efforts

to establish a global precipitation climatology are

the first steps in investigating one of the least

known and most crucial elements of the global

hydrologic cycle. But we are far from understand-

ing how the hydrologic cycle will respond to a

changing Earth system, or how water will influ-

ence the other components of the system.

Precipitation, soil moisture, atmospheric

water vapor, clouds, snow pack, sea ice, polar

glaciers, vegetation, temperature, and winds are

each critical quantities needed to characterize the

climate and hydrologic system. The very diversity

of the effects of water in the Earth system have

limited the development of a unified understand-

ing of water. EOS will provide thefirst long-term,

consistent global measurements of many of these

key physical variables. The most important contri-

bution of EOS will be the capability for simultane-

ous measurements necessary to investigate the

processes which define the interactions and feed°

backs within the hydrologic cycle.

A variety of EOS instruments will each

contribute differem components to our knowledge

of physical climate and the hydrologic cycle. The

global measurements and the process studies

based on the simultaneous combination of EOS

measurements are critical to understanding the

central role of water in the Earth system.
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How Is Heat

Transported?

_ tmospheric and oceanic ciK'ulations

play a central role in the climate of the

Earth. The atmosphere is driven by the

radiation from the sun. The surface

winds drive the oceanic circulation and influence

the exchange of heat between the oceans and the

atmosphere. The result is a complex interacting

system of winds and currents which are a part of

the climate system. As we try to understand and

predict changing climate, improving our knowl-

edge about the interaction between oceanic and

atmospheric circulation is essential. For example,

the heat content and time scales of motion in the

oceans are larger than in the atmosphere. Thus,

changing the storage of heat of the rate of forma-

tion of cold deep water in the oceans could sub-

stantially lessen the impact of a greenhouse effect.

Similarly, the formation of sea ice in the polar

regions can lead to changes in heat transprm and

deep-water formation which can have significant

impacts on climate.

The best estimates of the heat flux by the

atmosphere and oceans have been obtained by

inference from the global radiation budget and

atmospheric heat transport. Using these estimates,

the oceans and atmosphere are found to transport

toughly equal amounts of heat poleward, How-

ever, attempts to measure the oceanic heat trans-

port directly have not succeeded in providing an

accurate estimate. For many parts of the globe,

particularly in the Southern Hemisphere, neither

the magnitude nor the direction of the directly

estimated heat transport is consistent with the

inferred transport.

EOS, together with in sifu measurements,

will provide for the first time the necessary simul-

taneous observations for accurate estimation on

a global scale of both the circulation and heat

transport of the atmosphere and oceans. While

operational satellites have given profiles of atmos-

pheric temperature for almost two decades, EOS

will provide the first simultaneous wind profiles

on a global basis, which will improve estimates of

the atmospheric heat transport. Similarly, the sea-

surface temperature, sea-ice coverage, and surface

oceanic circulation will he observed simultane-

ously by the radiometers and altimeters on EOS,

leading to improved estimates of the heat ex-

change between the oceans and the atmosphere.

By combining simultaneous observations from

several EOS sensors, a better description of the

complex interaction between the oceans and the

atmosphere will he achieved. Coupled with

numerical models, these measurements should

greatly improve our ability to understand and

predict the role of oceanic and atmospheric circu-

lation in our changing climate.
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What is the

Role Of The

Solid Earth?

_ eoiogical and geophysical processes

vitally affect life on Earth. The spec-

tacular hazards of volcanic eruption,

earthquakes, floods, and landslides are

familiar to all who follow the world news. Volca-

noes introduce chemicals and aerosols into the

atmosphere. Crustal movement results in earth-

quakes, regional sea-level variations, and potential

flood hazards. Changes in the massive amounts

of ice now stored in glaciers and polar ice caps

could lead to significant changes in sea level and

oceanic circulation. Desertification and erosion

of large tracts of land affect the global hydrologic

cycle and Earth's productivity. The motion of

material deep in the core and mantle causes subtle

changes in Earth's rotation and length-of-day in

ways that are not yet well understOod.

Understanding these processes requires a

diversity of observations. We need to monitor the

gaseous effusion and thermal productivity of

volcanoes to gauge atmospheric effects and to

assess the likelihood of eruption and potential of

resultant hazards. EOS atmospheric and land-

surface sensors will be used to characterize the

composition and nature of volcanoes. Altimeters

and positioning systems will be used to detect

expansion of probable hazardous volcanoes.

We need to monitor the mechanisms of

plate motion over long periods and during short,

drastic events. Densely spaced, high resolution

geodetic measurement on a frequent basis is

the most likely technique to achieve timely earth-

quake prediction. High resolution geodetic

observation and altimetry are alto the keys to

understanding regional uplift, subsidence, and

associated hazards in coastal areas, as well as

change in the shape and volume of polar ice caps.

Changes in the Earth's rotation and length-of-day

are best monitored using high resolution geodetic

techniques, while the deep-seated processes in

the Earth which cause these changes are best

understood by study of the Earth's magnetic field.
We must be able to detect areas of current or

potential desertification and erosion, which re-

quires large-scale observation and detailed charac-

terization, and the ability to continually update

the observations.

EOS will provide the sensors required to

document and understand the interactions be-

tween geological and geophysical processes and

other components of the Earth system. The diver-

sit 3' of simultaneous observations which will be

possible from the EOS platforms will allow timely

responses to situations which would not have

t/een possible with earlier techniques. The remote

sensing aspects minimize risk of human life in

documenting extreme events.

M_m, mI_V.al a_ au*_aal #_un_ In a_ tCcfnuy of Mr $* Ikkm bawd on aa*a from tandsat ?b_aatlc _ _, Jldy 1984. fm_r y¢ars after Its last enqxmn.

m_waw'botsjmt'intheceater, a*ut.ff_ontheflankofthetolcano ?beblackanda*twfma6e(JISkmsquare)fmmSeo_tst3_ttbettcapenuwradartn
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_IEARTH OBSERVING SYSTEM: SPACE SEGMENT

Gathering

Comprehensive

Global

Observations

new start is proposed for EOS in
NASA's FY" 1991 budget submission to

Congress, with development to be

initiated in October 1990. NASA began

conceptual studies for EOS in 1982; coordination

with the European Space Agency (ESA), Japan,

and Canada was initiated in 1986. Present plans

call for two series of polar-orbiting platforms:

EOS-A and EOS--B. The 15-year observational

period will be achieved using three identical

satellites per series, each with a five-year design

lifetime.

ESA is planning two series of polar plat-

forms with a climatological and terrestrial focus,

respectively, and Japan is planning one polar plat-

form. Both NASA and NOAA sensors are planned

for inclusion on these platfom'ts. Additionally,

NASA is planning to provide sensors as attached

payloads for the Space Station.

A group of 41 sensors from the U.S., C__n-

ada, Japan, and Europe has been selected as can-

didates for flight on EOS. The EOS-A series is

tentatively planned to focus on atmospheric

sounding and surface imaging; selection of spe-

cific sensors will be in October 1990. The EOS-B

series is planned to include sensors capable of

extending observations made by the UARS and

TOPEX/Poseidon missions; sensor selection for

EOS-B will occur one year later.

Platform size for EOS has been chosen to

accommodate atmospheric sounding and surface

imaging sensors, a grouping which maximizes the

synergistic use of coincident observations, as well

as minimizes atmospheric induced uncertainties.

The sateUiteswill be hunched into polar orbit from

Vandenberg Air Force Base on Titan-IV rockets,

An EOS platform will accommodate a

payload up to 3500 kilograms and can supply up

to 3.2 kilowatts of power to the payload. This

platform is twice the size of UARS and can supply

about four times the power; it will accommodate

two to four instruments more than the 10 aboard

UARS. Because of the wider spectral range of the

instruments, its data system will manage more

than 10,000 times the data of UAILS.

The need for global coverage every one to

three days dictates a sun-synchronous orbit with a

quasi-two.day repeat; a 705-kilometer altitude,

98.2-degree inclination orbit meets this need. it

will have a 1:30 p.m. local equatorial-crossinR time.

The Synthetic Aperture Radar (SAR), not

able to be efficiently accommodated on the EOS

series of platforms, is planned for flight on a

dedicated satellite in 1999. Its orbit will have a

620-kilometer altitude and similar equatorial-

crossing time; this will provide frequent opportu-

nities for coincident observation of the same

locations as sensors on EOS platforms.
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